TC-related markers are early and responsive indicators of changes in vitamin B 12 status. Some indication of the size of what constitutes a significant change in serial holo-TC values is provided by the calculation of RCVs. The present study indicates that holo-TC values would need to change by nearly 50% for an investigator to be 95% certain that one value was significantly different from a previous value.
Regression dilution describes the attenuation in a regression coefficient when a single measured value of a covariate is used instead of the usual or mean value over a period of time. The simple method of adjusting regression coefficients for this dilution arises out of measurement error theory and is easily implemented (15 ) . In the case of a single covariate (simple linear regression), correction for regression dilution is achieved by multiplying the regression coefficient by a correction factor. The correction factor is simply the inverse of the RC. For holo-TC, it is 1.26, comparable to a value of 1.14 obtained for homocysteine (16 ) . The adjusted regression coefficient is, therefore, larger than the naive coefficient; crosssectional studies that use regression analysis based on a single assay of holo-TC may therefore underestimate the magnitude of any risk associations with disease by ϳ26% in an elderly population.
Our results confirm that, in an elderly population and under the conditions used, this particular holo-TC assay has a desirable quality specification, with analytical variation being approximately one-half that of within-participant biological variation. The results also provide essential information for the interpretation of holo-TC values in both cross-sectional and longitudinal studies in the elderly.
The University of Liverpool funded this study. We are grateful to the kind volunteers of Gardden Road Surgery Rhosllanerchrugog and to Edward Valente of Axis-Shield for assistance in providing the holo-TC assay reagent sets.
Intercellular adhesion molecule-1 (ICAM-1) and E-, P-, and L-selectin are cellular adhesion molecules involved in the recruitment of leukocytes on the activated vessel wall during inflammation (1 ) and play an important role in the early stages of atherosclerosis and its complications (2 ) . Thus, the measurement of soluble adhesion molecules in serum may have diagnostic relevance in many inflammatory diseases (3 ) . A profile of soluble adhesion molecule concentrations may allow better therapeutic decisions in inflammatory and autoimmune disorders, infection, cancer, and cardiovascular pathologies and may also aid in the prediction of cardiovascular events (4, 5 ) . However, the use of these markers in clinical practice depends critically on knowledge of their reference values.
The purpose of the present study was to establish ageand sex-specific reference intervals for serum concentrations of soluble ICAM-1 and E-, P-, and L-selectin in healthy children (4 -17 years) and adults (18 -55 years) .
Blood samples were taken from healthy individuals (157 boys and 146 girls 4 -17 years of age and 245 men and 250 women 18 -55 years of age) who were members of the Stanislas cohort (6 ) . Participants were of French origin (Vosges and Meurthe et Moselle); free from serious and/or chronic illnesses, especially cardiovascular, hepatic, or renal diseases; and were not on treatment with lipid-lowering drugs. Volunteers with aspartate aminotransferase, alanine aminotransferase, or ␥-glutamyltransferase activities Ͼ200 U/L, apolipoprotein E concentrations Ͼ200 mg/L, orosomucoid or haptoglobin concentrations Ͼ3 g/L, cholesterol or triglyceride concentrations Ͼ10 mmol/L, C-reactive protein concentrations Ͼ30 mg/L, or glucose concentrations Ͼ8 mmol/L were excluded. The study was approved by the local ethics committee of Nancy (France), and each participant gave written informed consent.
Venous blood samples were collected by venipuncture after an overnight fast (7 ) and centrifuged (1500g for 15 min at 4°C) within 2 h after collection. Serum samples obtained were immediately frozen at Ϫ196°C in liquid nitrogen until analysis (storage period, 21-39 weeks; mean, 31 weeks).
ICAM-1 and E-, P-, and L-selectin concentrations were measured with commercially available ELISAs (R&D System). The intra-and interassay CVs for the adhesion molecules were as follows: ICAM-1, 6.6% and 8.6%; E-selectin, 9.4% and 15%; P-selectin, 5.8% and 7.0%, and L-selectin, 8.9% and 12%.
Statistical analyses were performed with SAS software, Ver. 8.01 (SAS Institute Inc.). Because the distribution of serum concentrations of ICAM-1 and E-, P-, and L-selectin were skewed, log 10 transformations were applied. ANOVA and pairwise comparison procedures with Bonferroni correction were performed to test differences in soluble ICAM-1 and E-, P-, and L-selectin concentrations between age and sex groups. Reference values were estimated using a nonparametric method (5th and 95th percentiles).
Relationships between the length of time of storage at Ϫ196°C and the concentrations of the four adhesion molecules were examined, as recommended by Demerath et al. (8 ) . We found no significant effect of storage length; we therefore did not adjust analyte values for this factor.
The mean (SD), median, and 5th and 95th percentile concentrations of the four adhesion molecule for three groups of children (4 -9, 10 -14, and 15-17 years) and three groups of adults (18 -34, 35-44, and 45-55 years) are presented in Table 1 .
From 4 to 17 years, log-transformed ICAM-1 and E-, P-, and L-selectin concentrations significantly decreased in both boys and girls. The P values for the differences in the concentrations of ICAM-1 and E-, P-, and L-selectin across the three age groups were Յ0.001, Յ0.001, Յ0.05, and Յ0.001, respectively (ANOVA tests). No significant sexrelated differences were detected in children. From 18 to 55 years, L-selectin concentrations decreased with age in both sexes (P Յ0.001), whereas E-selectin concentrations increased only in women (P Յ0.05). ICAM-1 and Pselectin concentrations did not vary significantly across the three age groups, independent of gender. ICAM-1, E-selectin, and P-selectin concentrations were significantly higher in men than in women (P Յ0.05, Յ0.001 and Յ0.001, respectively, t-test), whereas no significant sex effect was observed for L-selectin concentrations.
Circulating soluble isoforms of adhesion molecules in blood result either from the release of membrane-bound molecules by proteolytic cleavage of the extracellular portion (ICAM-1 and E-, P-, and L-selectin) or from alternative splicing of the mRNA lacking the transmembrane domain (P-selectin) (3 ). The concentrations of these soluble isoforms presumably reflect their relative abundance as membrane-bound molecules. The key role played by these molecules in the recruitment of leukocytes by the endothelium suggests that measurement of their circulating concentrations may be useful for monitoring the process of inflammation of the vessel wall. The measurement of adhesion molecule concentrations is thus of clinical interest. The ready availability of commercial ELISAs for determination of soluble adhesion molecules has greatly facilitated research in the clinical significance of their concentrations. Higher concentrations have been reported in various inflammation-related diseases, mainly Table 1 . Mean, median, and age-specific reference intervals based on the 5th and 95th percentiles for ICAM-1 and E-, P-, and L-selectin concentrations in serum. immune disorders, inflammation, cancer, and cardiovascular disease (3 ) . Such high concentrations of circulating adhesion molecules may be of interest for diagnostic and prognostic purposes, as demonstrated for ICAM-1 and P-selectin, which provide useful information in healthy individuals and in patients with cardiovascular diseases (9 ) . However, reference values for healthy children and adults have not been defined.
In the current study, we measured serum ICAM-1 and E-, P-, and L-selectin concentrations and determined their age and sex-specific reference intervals over a wide age range (4 -55 years) in a healthy population of both sexes.
Earlier studies dealing with serum adhesion molecule (ICAM-1 and E-selectin) concentrations in healthy pediatric populations pointed to an age dependency (10 -12 ) . In this study, we observed that mean serum ICAM-1 and E-, P-, and L-selectin concentrations steadily decrease during childhood. ICAM-1 and P-selectin concentrations did not vary with age in adulthood, whereas L-selectin decreased in both sexes and E-selectin increased in women only. Although the decrease in adhesion molecule concentrations with age in children has already been described, its physiologic significance during normal development is unknown. Authors of previous studies in adults observed that ICAM-1, E-selectin, and P-selectin concentrations did not vary with age between 18 and 65 years (3, 5, 8, 10, 13, 14 ) , but the decrease in L-selectin during adulthood has not been described.
ICAM-1, E-selectin, and P-selectin concentrations display a significant sex dependency only in adults, with men having higher concentrations than women. These sex-related differences, as reported previously in healthy adults (8, 14 -16 ) , are probably partly attributable to steroid hormones, especially estrogen. Indeed, healthy postmenopausal women on hormone replacement therapy had lower concentrations of these adhesion molecules than controls not on replacement therapy (7, 17, 18 ) , and in vitro studies have shown negative regulation of adhesion molecule expression by estrogen (19 ) .
In conclusion, we have shown that serum ICAM-1 and E-, P-, and L-selectin concentrations are age-dependent in childhood and sex-dependent in adulthood. Application of age-and sex-adjusted reference intervals appears to be necessary. These findings emphasize the need to use age-(for children) and sex-matched controls (for adults) in all analyses of the possible clinical impact of circulating concentrations of adhesion molecules. 
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